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oceanography, engineering, or physics. For example, hydrometeoEarnings

rology is the blending of hydrology (the science of Earth’s water) Median annual earnings of atmospheric scientists in 1998 were

and meteorology, and is the field concerned with the effect of pre-$54,430. The middle 50 percent earned between $38,570 and

cipitation on the hydrologic cycle and the environment. Students$75,260. The lowest 10 percent earned less than $27,250 and the

who wish to become broadcast meteorologists for radio or televi-highest 10 percent earned more than $87,760.

sion stations should develop excellent communication skills  The average salary for meteorologists in nonsupervisory, super-

through courses in speech, journalism, and related fields. Thosevisory, and managerial positions employed by the Federal Govern-

interested in air quality work should take courses in chemistry ment was about $62,500 in 1999. Meteorologists in the Federal

and supplement their technical training with coursework in policy Government with a bachelor’s degree and no experience received a

or government affairs. starting salary of $20,600 or $25,500, depending on their college
Beginning atmospheric scientists often do routine data collec-grades. Those with a master’s degree could start at $25,500 or

tion, computation, or analysis, and some basic forecasting. En-$31,200; those with the Ph.D., at $37,700 or $45,200. Beginning

try-level operational meteorologists in the Federal Governmentsalaries for all degree levels are slightly higher in selected areas of

are usually placed in intern positions for training and experience.the country where the prevailing local pay level is higher.

During this period, they learn about the Weather Service’s fore-

casting equipment and procedures, and rotate to different Off'ceﬁ?elated Occupations

to learn about various weather systems. After completing the traiNyyorkers in other occupations concerned with the physical environ-

ing period, they are assigned a permanent dgty station. Ex.pe”'mentinclude oceanographers, geologists and geophysicists, hydrolo-
enced meteorologists may advance to supervisory or administra

tive jobs, or may handle more complex forecasting jobs. After gists, physicists, mathematicians, and civil, chemical, and environ-

. : . mental engineers.
several years of experience, some meteorologists establish their

own weather consulting services.

The American Meteorological Society offers professional certi- Sources of Additional Information
fication of consulting meteorologists, administered by a Board of Information about careers in meteorology is available from:
Certified Consulting Meteorologists. Applicants must meet formal U American Meteorological Society, 45 Beacon St., Boston, MA 02108.
education requirements (though not necessarily have a college denternethttp://www.ametsoc.org/AMS o
gree), pass an examination to demonstrate thorough meteorological !nformation on acquiring a job as a meteorologist with the Fed-
knowledge, have a minimum of 5 years of experience or a combina-£ral Government may be obtained from the Office of Personnel

tion of experience plus an advanced degree, and provide charactélanagement through a telephone-based system. Consult your tele-
references from fellow professionals. phone directory under U.S. Government for a local number or call

(912) 757-3000 (TDD 912 744-2299). That number is not toll-free
and charges may result. Information also is available from their

Job Outlook S _ ) Internet sitehttp://www.usaj obs.opm.gov
Employment of atmospheric scientists is projected to increase about

as fast as the average for all occupations through 2008, and pro-
spective atmospheric scientists may face competition if the nun b o 1
of degrees awarded in atmospheric science and meteorology remaiChemists
near current levels. The National Weather Service (NWS) has com-
pleted an extensive modernization of its weather forecasting equip{O*NET 24105)
ment and finished all hiring of meteorologists needed to staff the
upgraded stations. The NWS has no plans to increase the number Significant Points
of weather stations or the number of meteorologists in existing sta- , . . L
tions for many years. Employment of meteorologists in other Fed-® A bachelor's degree in chemistry or a related discipline
eral agencies is expected to decline slightly as the Federal Govern-  is usually the minimum educational requirement;
ment attempts to balance its budget. however, many research jobs require a Ph.D.
i private industry aré expected (6 be beter than  the Federar 100 970Wth will be concentrated in drug manufacturing
Government over the 1998-2008 period. As research leads to con- and research and testing services firms.
tinuing improvements in weather forecasting, demand should grow
for private weather consulting firms to provide more detailed in- Nature of the Work
formation than has formerly been available, especially to weather-Everything in the environment, whether naturally occurring or of
sensitive industries. Farmers, commodity investors, radio and telehuman design, is composed of chemicals. Chemists search for and
vision stations, and utilities, transportation, and construction firms put to use new knowledge about chemicals. Chemical research has
can greatly benefit from additional weather information more led to the discovery and development of new and improved syn-
closely targeted to their needs than the general information pro-thetic fibers, paints, adhesives, drugs, cosmetics, electronic compo-
vided by the National Weather Service. Additionally, research on nents, lubricants, and thousands of other products. Chemists also
seasonal and other long-range forecasting is yielding positive re-develop processes that save energy and reduce pollution, such as
sults, which should spur demand for more atmospheric scientistgmproved oil refining and petrochemical processing methods. Re-
to interpret these forecasts and advise weather-sensitive industriesearch on the chemistry of living things spurs advances in medi-
However, because many customers for private weather servicesine, agriculture, food processing, and other fields.
are in industries sensitive to fluctuations in the economy, the sales Chemists apply their knowledge of chemistry in various ways.
and growth of private weather services depend on the health oMany work in research and development (R&D). In basic research,
the economy. chemists investigate properties, composition, and structure of mat-
There will continue to be demand for atmospheric scientists toter and the laws that govern the combination of elements and re-
analyze and monitor the dispersion of pollutants into the air to en-actions of substances. In applied research and development, they
sure compliance with Federal environmental regulations outlinedcreate new products and processes or improve existing ones, often
in the Clean Air Act of 1990, but employment increases are ex-using knowledge gained from basic research. For example, syn-
pected to be small. thetic rubber and plastics resulted from research on small molecules
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uniting to form large ones, a process called polymerization. R&D compounds or substances that have different properties and appli-
chemists use computers and a wide variety of sophisticated laboeations have developed many commercial products, such as drugs,
ratory instrumentation. The use of computers to analyze complexplastics, and elastomers (elastic substances similar to rubher).
data allows chemists to practice combinatorial chemistry. This organic chemiststudy compounds consisting mainly of elements
technique makes and tests large quantities of chemical compoundsther than carbon, such as those in electronic componkhissi-
simultaneously in order to find compounds with desired proper- cal chemistsstudy the physical characteristics of atoms and mol-
ties. Combinatorial chemistry makes chemists more productiveecules and investigate how chemical reactions work. Their research
by saving time and materials and could result in more productsmay result in new and better energy sources.
being developed in the future. They also spend time documenting Biochemistswhose work encompasses both biology and chem-
and analyzing the results of their work and writing formal reports. istry, are included in the statement on biological scientists elsewhere
Chemists also work in production and quality control in chemi- in theHandbook
cal manufacturing plants. They prepare instructions for plant work-
ers that specify ingredients, mixing times, and temperatures for eachN
stage in the process. They also monitor automated processes tQ
ensure proper product yield, and they test samples of raw materiaITQ
n

orking Conditions

hemists usually work regular hours in offices and laboratories.
esearch chemists spend much time in laboratories, but also work
offices when they do theoretical research or plan, record, and
report on their lab research. Although some laboratories are small,
Pothers are large enough to incorporate prototype chemical manu-
facturing facilities as well as advanced equipment. Chemists do
some of their work in a chemical plant or outdoors—while gath-

or finished products to ensure they meet industry and governmen
standards, including the regulations governing pollution. Chemists
record and report on test results, and improve existing or develo
new test methods.

Chemists often specialize in a subfieldnalytical chemistde-

termine the structure, composition, and nature of substances by exz
amining and identifying the various elements or compounds that
make up a substance. They study the relations and interactions g
the parts and develop analytical techniques. They also identify th
presence and concentration of chemical pollutants in air, water, an
soil. Organic chemiststudy the chemistry of the vast number of
carbon compounds that make up all living things. Organic chem

ering water samples to test for pollutants, for example. Some
hemists are exposed to health or safety hazards when handling
ertain chemicals, but there is little risk if proper procedures are
ollowed.

_Employment
Jrhemists held about 96,000 jobs in 1998. Nearly half of chemists
are employed in manufacturing firms—mostly in the chemical manu-
facturing industry, which includes firms that produce plastics and
synthetic materials, drugs, soaps and cleaners, paints, industrial or-
ganic chemicals, and other miscellaneous chemical products. Chem-
ists also work for State and local governments, and for Federal agen-
cies. Health and Human Services, which includes the Food and
Drug Administration, the National Institutes of Health, and the Cen-
ter for Disease Control, is the major Federal employer of chemists.
The Departments of Defense and Agriculture, and the Environmen-
tal Protection Agency, also employ chemists. Other chemists work
for research, development, and testing services. In addition, thou-
sands of persons held chemistry faculty positions in colleges and
universities. (See the statement on college and university faculty
elsewhere in thelandbook)

Chemists are employed in all parts of the country, but they are
mainly concentrated in large industrial areas.

Training, Other Qualifications, and Advancement

A bachelor’s degree in chemistry or a related discipline is usually
the minimum educational requirement for entry-level chemist jobs.
However, many research jobs require a Ph.D.

Many colleges and universities offer a bachelor’s degree pro-
gram in chemistry, about 620 of which are approved by the Ameri-
can Chemical Society (ACS). Several hundred colleges and uni-
versities also offer advanced degree programs in chemistry; around
320 master’s programs, and about 190 doctoral programs are ACS-
approved.

Students planning careers as chemists should take courses in sci-
ence and mathematics, and should like working with their hands
building scientific apparatus and performing experiments. Perse-
verance, curiosity, and the ability to concentrate on detail and to
work independently are essential. In addition to required courses in
analytical, inorganic, organic, and physical chemistry, undergradu-
ate chemistry majors usually study biological sciences, mathemat-
ics, and physics. Those interested in the environmental field should
also take courses in environmental studies and become familiar with
current legislation and regulations. Computer courses are essen-
tial, as employers increasingly prefer job applicants who are able to
apply computer skills to modeling and simulation tasks and operate
Chemists hold bachelor’s, master’s, and doctoral degrees. computerized laboratory equipment.
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Because research and development chemists are increasingly During periods of economic recession, layoffs of chemists may
expected to work on interdisciplinary teams, some understandingoccur—especially in the industrial chemicals industry. This indus-
of other disciplines, including business and marketing or econom-try provides many of the raw materials to the auto manufacturing
ics, is desirable, along with leadership ability and good oral andand construction industries, both of which are vulnerable to tempo-
written communication skills. Experience, either in academic labo- rary slowdowns during recessions.
ratories or through internships or co-op programs in industry, also
is useful. Some employers of research chemists, particularly in theear nings

pharmaceutical industry, prefer to hire individuals with several years Median annual earnings of chemists in 1998 were $46,220. The
of postdoctoral experience. middle 50 percent earned between $34,580 and $68,360. The low-

Graduate students typically specialize in a subfield of chemis- est 10 percent earned less than $27,240 and the highest 10 percen
try, such as analytical chemistry or polymer chemistry, dependingearned more than $86,260. Median annual earnings in the indus-
on their interests and the kind of work they wish to do. For ex- tries employing the largest numbers of chemists in 1997 were:
ample, those interested in doing drug research in the pharmaceuti-
cal industry usually develop a strong background in synthetic or- Federal Government
ganic chemistry. However, students normally need not specializeDrugs ...
at the undergraduate level. In fact, undergraduates who are broadifzesearch and testing services
trained have more flexibility when job hunting or changing jobs
than if they narrowly define their interests. Most employers pro-
vide new graduates additional training or education.

In government or industry, beginning chemists with a bachelor’s

A survey by the American Chemical Society reports that the
median salary of all their members with a bachelor’'s degree was
$50,100 a year in 1999; with a master’s degree, $61,000; and with a
degree work in quality control, analytical testing, or assist senior Ph'D" $f76'000' Medla_n salaries were highest for those Workl_ng n
chemists in research and development laboratories. Many employPrivate industry; those in academia earned the least. According to
ers prefer chemists with a Ph.D. or at least a master’s degree to lead ACS Survey of recent graduates, inexperienced chemistry gradu-

basic and applied research. A Ph.D. is also often preferred for adtes With a bachel_or’s degree earned a median startin_g salary of
vancement '?opmany administrative positions. P $29,500 in 1998; with a master’s degree, $38,500; and with a Ph.D.,

$59,300. Among bachelor’s degree graduates, those who had com-
pleted internships or had other work experience while in school

\I]E?rk: (I)ou'[rlr?ecz)r‘?t of chemists is expected to grow about as fast as the avgommanded the highest starting salaries.
ploy P 9 In 1999, chemists in nonsupervisory, supervisory, and manage-

erage _for all occupations _through 2008. Job growth will be concen-;q| positions in the Federal Government earned an average salary
trated in drug manufacturing and research, development, and testingc $64.200

services firms. The chemical industry, the major employer of chem-

ists, should face continued demand for goods such as new and bett

pharmaceuticals and personal care products, as well as more special ) . . N . .

chemicals designed to address specific problems or applications. T h_e vv_ork of chem|ca_l engineers, agrl_cultural scientists, biological

meet these demands. chemical firms will continue to devote moneysmenusts, and chemical technicians is closely related to the work

to research and development—through in-house teams or outsigdone _by chemists. The vyo_rk of other pr_\ysmal_ano_l life science oc-

contractors—spurring employment growth of chemists. cupations, such as ph_ysmsts and medical scientists, may also be
Within the chemical industry, job opportunities are expected to Similar to that of chemists.

be most plentiful in pharmaceutical and biotechnology firms. Stron- o )

ger competition among drug companies and an aging populationSources of Additional Information N _

are contributing to the need for innovative and improved drugs dis-General information on career opportunities and earnings for chem-

covered through scientific research. Chemical firms that developists is available from:

and manufacture personal products such as toiletries and cosmeti¢g American Chemical Society, Education Division, 1155 16th St. NW.,

must continually innovate and develop new and better products to'vashington, DC 20036. Internétttp://www.acsorg

remain competitive. Additionally, as the population grows and be- Information on acquiring a job as a che_m|st with the Federal

comes better informed, the demand for different or improved groom_Government may be obtained from the Office of Personnel Man-

ing products—including vegetable-based products, products Witha_gementthrough a telephone-based system. Consult your telephone
directory under U.S. Government for a local number or call (912)

milder formulas, treatments for aging skin, and products that have ) .
been developed using more benign chemical processes than in th 57-3000; TDD (912) 744-2299. That number is not toll free and

past—uwill remain strong, spurring the need for chemists charges may result. Information also is available from their Internet
In most of the remaining segments of the chemical industry, em-S't€- http://www.usajobs.opm.gov

ployment growth is expected to decline as companies downsize and

turn to outside contractors to provide specialized services. Neverth e/ S

less, some job openings will result from the need to replace chemist:GeologlstS, Geop hyS|C|StS,

who retire or otherwise leave the labor force. Quality control will

continue to be an important issue in the chemical and other industrie& d Ocean ograp hers

that use chemicals in their manufacturlng processes. C_hemlsts wil O*NET 24111A and 24111B)

also be needed to develop and improve the technologies and pra-

cesses used to produce chemicals for all purposes, and to monitor and Sianifi Poi

measure air and water pollutants to ensure compliance with local, gnificant Points

State, a_nd Federal epvirc_)nmental _regulations. _ ® \Work at remote field sites is common.
Outside the chemical industry, firms that provide research, devel-o A bachelor’s degree in geology or geophysics is

opment, and testing services are expected to be the source of numerous d te f try-| | iobs: better iobs with d
job opportunities between 1998 and 2008. Chemical companies, in- aaequate for entry-ievel Jobs, betler Jobs with goo

cluding drug manufacturers, are increasingly tumning to these services ~advancement potential usually require at least a

to perform specialized research and other work formerly done by in- ~ Master’s degree. A Ph.D. degree is required for most
house chemists. Chemists will also be needed to work in research and ~ research positions in colleges and universities and in
testing firms that focus on environmental testing and cleanup. government.
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